I. INTRODUCTION
Previous efforts to calculate the dynamica of fireballs have failed to yield a good comparison with the available data.
This report discusses efforts to narrow the discrepancy between numerical simulations and empirical information. An aspect which is examined in some detail is the effect of including turbulence in the calculation.
The current work emphasizes the late time behavior (post-torus formation), when buoyancy forces and atmospheric stratification cauae large fireball deformations. The primary purpnse of this effort is to develop the capability to predict those aapects of atmospheric nuclear explosions that reflect on the performance of both offensive and defensive missile systems. In order to accomplish this purpose, it is necessary to determine:
(1) The size, shape, and rise rate of the fireball.
(2)
The temperature, density, pressure, and velocity fields. These are particularly important for determining the effects on missiles that fly through disturbed fireball regions. (1) Improvements made in the basic YAQUI hydrodynamics program used to calculate turbulent fireball behavior.
(2) The turbulence model equationa used to compute the turbulence field.
(3) The parameters that must be determined to complete the turbulence model. Approximations are introduced for the higher-order moments that appear in these equationa, and then the entire system of equations, for mean and fluctuating quantities, is solved simultaneously.
Begin by assuming that all of the flow variables can be written as the sum of mean and fluctuating parts, thus:
where the overbar indicates an ensemble average. is approximated by
where u -u(q, s) is the turbulent kinematic viscosity . Notice that, on contraction of indices, Eq.
(9) reduces to Eq. 
IV. PARAMETERS OF THE MODEL
In calculations with this model, it is necessary to estimate the size of the integral scale; that is, the size of the energy-carrying turbulent eddies.
We use a phenomenological form fitted to the experi- We find that the turbulence has virtually no effect on dimensional data at less than 75 sec and only a alight effect thereafter. This conclusion may depend on the expression for o that we are using, but nevertheless seems to indicate quite strongly that the effects of turbulence on the overall dynamics are relatively slight, within apparently reasonable ranges of the parameters involved.
Time (see) Although there is general agreement in models of this type that u may be expressed as
, the values of 13 differ among the various investigators. We currently use a value of 6 = 0.02, which value is based on the work of Lsunder, .
Morse, Rodi., and Spalding.' They compared six turbulence models in the prediction of free shear flows.
In the model that they call the Prandtl energymc.del, they define a turbulence viscosity that is analogous to the above expression for u and in comparison with experiment they arrive at the value for 6 that we are currently using. We then performed an independent check by testing this result against the 8 channel flow studies of Laufer, and found that a value of @ = 0.02 produced good agreement between the turbulence model and the experimental measurements.
Another point that must be addressed is the seeding of the initial turbulence. From the equation for the turbulence energy it is clear that in order to generate turbulence, it is necessary that some turbulence be already present.
In the real fireball, hydrodynamic instabilities may serve to initiate the turbulence. In our numerical simulations, we must seed the turbulence %n some appropriate way. ". Note also that the configuration of the two calculations in Fig. 8 are similar to appearance. 
